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Abstract 
The potential of oxalic acid modified rice husk (ORH) to adsorb Methylene Blue (MB) from aqueous solution was 
investigated under various experimental conditions. Parameters studied included pH, initial dye concentrations, contact 
time, sorption isotherm, agitation rate and adsorbent dosage. A comparison study on the percentage uptake of natural rice 
husk and oxalic acid modified rice husk on MB dye showed that oxalic acid modified rice husk gave better removal 
efficiency. The percentage of dye uptake increased with increasing of pH and contact time. The optimum pH for MB 
removal was recorded at the range of pH 4 to pH 10 and the adsorption equilibrium was achieved after the first one and a 
half hours of contact time. From the kinetic study, the adsorption process correlated well with pseudo-second order 
kinetics equation. The experimental data were fitted into different isotherm model equations and the results revealed that 
the system under studied is better explained by Langmuir isotherm as compared to Freundlich isotherm. The maximum 
sorption capacity of ORH for MB was 29.15 mg/g.  
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1. Introduction 
Wastewater from dyestuff manufacturing, dyeing and textile industries often contain a variety of dyes and 
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this makes the effluents highly coloured. However, the presence of dye, even in low quantities is undesirable. 
Not only this pollutant is aesthetically unpleasant, but there is also health hazard associated to it. Some of the 
worrying problems related to it including its interference effect in the photosynthesis of the aquatic plants, 
causing allergy and skin irritation and its precursors and biotransformation products that are toxic, mutagenic 
and carcinogenic in nature. Therefore, the removal of dye from aqueous environment is of utmost important. 
Activated carbon is a well known adsorbent and has been widely used due to its high capacity and efficiency. 
But the regeneration of activated carbon is a costly process. However, if the adsorbent is of readily available 
and is abundant in nature, then the regeneration process is avoidable. Wastes or agricultural by-products such 
as rice hull, saw dust, fruits peels, wheat straw, sugarcane bagasse and coir pith fit into this category. In our 
continuing effort to search for low-cost adsorbents in dye removal, rice hull was chosen as the adsorbent 
because Malaysia is one of the rice producing countries and therefore the utilization of this abundant 
agricultural waste is of great significance. Methylene Blue was chosen as the adsorbate in this study as it has a 
high usage in both biology and chemistry fields. 
2. Materials and methods 
2.1. Preparation of adsorbent 
The rice hull was collected from a rice milling factory in Terengganu, the northern region of Malaysia. The 
rice hull was washed several times with tap water before rinsing with distilled water to ensure the removal of 
dirt particles that will affect the adsorption process. The rice hull was sun dried and the dried rice hull was 
ground to pass through a 1 mm-sieve and labelled as NRH. 5 g of NRH was mixed with 35 ml of 1.2 M oxalic 
acid (analytical grade) in a beaker. The mixture was dried overnight in the oven at 50 ºC before subjected to 
heat treatment at 140 ºC for 2 hours. After that, the modified rice husk was washed with distilled water until it 
reached the natural pH (approximately pH 7) and labelled as oxalic modified rice hull (ORH). 
2.2. Preparation of adsorbate 
Synthetic dye solution, Methylene Blue (MB) was used as adsorbate in this study. This commercial dye 
was purchased from Alrich-Sigma and used without any further purification. A stock solution of 1000 mg L-1 
MB was prepared and subsequently diluted when necessary. 
2.3. Batch experiments 
All the batch experiments were carried out in duplicate and the results given are the means values. The 
same experimental condition was employed throughout the study that is by agitating 0.10 g of sorbent in 20 
mL of 50 mg/L dye solution in a centrifuge tube and shaken at 150 rpm on an orbital shaker at room 
temperature (25 ± 2 oC) unless otherwise stated. Control experiments without ORH were carried out to 
ascertain that the adsorption was due to the adsorbent and not the wall of the container. At the end of the 
adsorption process, the mixture was centrifuged at 3.0 × 103 rpm for phase separation.  The supernatant was 
analyzed for its dye concentration using Perkin Elmer Lamda 35 double-beam UV/visible spectrophotometer 
with 1.0 cm light path cuvette (quartz cell) at the wavelength corresponding to maximum absorption, λmax = 
664 nm. Dilutions were carried out when the measurement exceeded the linearity of the calibration curve. 
In the comparison study, the efficiency of ORH and NRH in the removal of Mb was being evaluated. For 
the effect of pH, the initial pH of the dye solutions was adjusted to the range of 2 to 10 by adding dilute HCI 
or NaOH. As for the effect of initial dye concentrations and contact time, the experiments were performed by 
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using MB with the concentrations ranging from 50 to 100 mg/L. The samples were withdrawn and analyzed 
for their dye concentrations at predetermined intervals. Sorption isotherms were obtained by varying the dye 
concentrations from 50 to 150 mg/L.  
3. Results and discussion 
3.1. Comparison study 
Table 1 shows the percentage uptake of MB by NRH and ORH. It is evident that rice hull, in its natural 
state is capable in removing MB. However, with increasing dye concentrations, this efficiency dropped 
drastically. On the other hand, in the modified form, ORH demonstrated high percentage of uptake, regardless 
of MB concentrations. The enhancement observed in most likely due to the introduction of COO- anions to the 
rice hull during the modification process. The additional carboxyl groups that can act as the negatively 
charged sites for the binding of positively charged MB cations.  
Table 1. The percentage uptake of MB by NRH and ORH 
Dye concentration (mg/L) Percentage Uptake ( % ) of MB 
NRH ORH 
50 93.00 97.69 
100 79.09 96.98 
150 70.00 92.60 
200 50.17 90.36 
3.2. Effect of pH 
The uptake of MB was found to be pH dependent and the optimum pH was in the range of pH 4-10 (Fig. 1). 
The lower adsorption of MB in acidic medium could be attributed to the presence of excess H+ ions that 
compete with the dye cations for the adsorption sites. With increasing pH, the number of positively charged 
sited decreases while the number of the negatively charged sites increases. The electrostatic attraction 
between the dye cations and negatively charged sites favors the adsorption process. Similar findings were also 
reported in the adsorption process involving other biosorbents [1-5].   
 
Fig. 1. Effect of pH on the adsorption of MB by ORH.   
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Fig. 2. Effect of initial dye concentrations on the adsorption of MB by ORH  
3.3. Effect of initial dye concentrations and contact time 
Regardless of MB initial dye concentrations, the adsorption trend followed essentially the same pattern, 
that is rapid at the initial contact time period and then becomes slow and finally attaining equilibrium with the 
increase in contact time (Fig. 2). The fast uptake at the beginning may be attributed to the rapid attachment of 
the dye cations to the surface of ORH whereas the slower adsorption rate is due to intraparticle diffusion. 
3.4. Kinetics and isotherm studies 
In order to explore the kinetics involved in dye adsorption, the results obtained from the experiment of 
effect of initial dye concentrations and contact time were fitted into the following equations [6,7]: 
log (qe-qt) = log qe- k1t/2.303 (pseudo-first order)              (1) 
t/qt = 1/h + t/qe (pseudo-second order)                      (2) 
where qe = the amount of MB adsorbed at equilibrium (mg/g), qt = the amount of MB adsorbed at time t 
(mg/g), k1= the rate constant of pseudo-first order sorption (1/min), h (k2qe2) = the initial sorption rate (mg/g 
min) and k2= the rate constant of pseudo-second order kinetics (g/mg min). The correlation coefficients for 
the first order kinetic model obtained at various concentrations are in general lower than those of the second 
order model (Table 2). It thus appears that pseudo second order kinetics is dominant for the system under 
study. This kinetic model is based on the assumption that the rate limiting step may be chemical sorption or 
chemisorption involving valency forces through sharing or exchange of electron between sorbent and sorbate 
[8]. 
Table 2. Pseudo-first and pseudo-second order kinetic model parameters for different initial MB concentration  
 Pseudo-first order Pseudo-second order 
Co (mg/l) k1 (min -1) R2 qe (mg g-1)  
k2  
(g mg-1 min-1) R
2 
50 0.1612 0.9563 8.089 0.0621 1.0000 
75 0.0191 0.9720 13.192 0.1010 0.9896 
100 0.0138 0.9755 16.348 0.0054 0.9999 
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Sorption isotherm represents the equilibrium distribution of MB between the aqueous and solid phase 
when the MB concentration increases at constant temperature. The binding of MB to the surface of oxalic acid 
modified rice husk was considered in terms of the linearised Langmuir and Freundlich isotherm models. 
Based on the correlation coefficient values, R2, it was found that the application of Langmuir model provides 
better correlation of the experimental data than the Freundlich model. The maximum sorption capacity, qm, 
was found to be 29.15 mg/g. 
4. Conclusion 
From this study, ORH has demonstrated its capability in removing MB dye from aqueous solution. In the 
optimum pH, the % uptake of MB by ORH can be as high as 97%. The rates of sorption for MB dye at 
various initial concentrations were rapid at the beginning, followed by a more gradual process and equilibrium 
was attained within 2 hours. The adsorption process of MB onto ORH was better explained by pseudo-second 
order kinetic model than pseudo-first order equation of Lagergren model. The maximum adsorption capacity 
of ORH was 29.15 mg/g and this adsorbent can served as a good low cost adsorbent to replace costly 
adsorbents in dye removal.  
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